OBJECTIVE: To examine the relationship between waist circumference and cardiovascular risk factors during weight loss, and to consider possible waist reduction targets for weight management. DESIGN: Single strand six month weight loss study on food based diets in 110 women aged 18±68 y, and body mass index ! 25 kg/m 2 set at an outpatient clinic. MAIN OUTCOME MEASURES: Waist circumference, weight, body mass index (BMI), total plasma cholesterol, low (LDL) and high density lipoprotein (HDL) cholesterol, triglyceride, and blood pressure. RESULTS: Anthropometric and metabolic measurements improved with mean weight loss of 4.9 (s.e.m. AE 0.4) kg at three months and 6.2 (s.e.m. AE 0.4) kg at six months. Weight loss closely related to waist reduction (% Weight loss 0.85 6 Waist reduction (cm) ± 2.09; r 0.79). The proportion of subjects with waist circumference below Action Level 1 (`80 cm) or above Action Level 2 ( ! 88 cm) were 9 and 60% at baseline, 29 and 38% at three months and 36 and 33% at six months. Waist reduction (adjusted for age, smoking, alcohol consumption, diet treatment and baseline dependent and independent variables) correlated signi®cantly with falls in total cholesterol (r 0.31; P`0.01), LDL cholesterol (r 0.35; P`0.01) and diastolic blood pressure (r 0.32; P`0.01), but not signi®cantly with HDL cholesterol, triglyceride or systolic blood pressure. BMI showed similar correlations, whereas waist to hip ratio changes were not associated with changes in any cardiovascular risk factors. Amongst those whose waist fell by ! 5 cm, 45 at three months and 43 at six months, there were ! 10% improvements in at least one risk factor for 71 and 84% respectively. Amongst those whose waist fell by 5±10 cm, 40 women at three months and 30 at six months, at least one risk factor improved by ! 10% in 70% and in 83% respectively. CONCLUSIONS: Waist reduction of 5±10 cm in Caucasian women, across a range of baseline BMI 25±50 kg/m 2 or waist circumference 72±133 cm, may be used as guideline to encourage overweight women to achieve a realistic target with a high probability of health bene®ts.
Introduction
Obesity, a preventable disease with a huge burden of symptoms and secondary health problems, is rising in prevalence in Britain.
1,2 Treatment of obesity is dif®-cult, many people become disillusioned with their apparently slow progress and¯uctuations in body weight during slimming often in the context of unreasonable targets. Maintaining modest weight loss may lead to more sustained health bene®ts and thus a greater overall health improvement than attempting the large weight loss required to achieve ideal body weight.
3±8
Waist circumference reduction is a rewarding consequence of slimming and has been suggested as a better motivator than weight change. 9 We have recently proposed the use of waist circumference for health promotion as a simple method for detecting overweight (body mass index) and central fat distribution (waist to hip ratio), 10 and for identifying people with cardiovascular risk factors. 11, 12 People with waist circumference between Action Level 1 and Action Level 2, (the Alert Zone: ! 94±102 cm in men, ! 80± 88 cm in women) have increased cardiovascular risks, and above Action Level 2 (the Action Zone: ! 102 cm in men, ! 88 cm in women), the cardiovascular risks are approximately tripled. 12 The present study examined the relationships between anthropometric measurements and cardiovascular risk factors during six months of weight loss, and considered possible targets for weight management based on changes in waist circumference.
weight, were recruited for a study of six month weight management. Two 1200 kcal/d diets were randomly allocated, after pilot studies to determine acceptability, containing 58% energy (n 57) or 35% energy frm carbohydrate (n 53). Dietary advice, given by the same dietitian (PR), employed food exchanges supported by appropriate recipes.
Anthropometry
Body weight was measured to the nearest 0.1 kg in light clothes and height to the nearest 0.1 cm. Body mass index was calculated as weight (kg) divided by height squared (m 2 ). Waist circumference midway between the lowest rib margin and the iliac crest and hip circumference level with the greater trochanters were measured to the nearest mm. 13, 14 Body fat (as % body weight) was calculated from waist circumference. 13 Skinfold thicknesses were measured 15 but gave identical results for body fat, as calculated from waist, so data are not presented.
Risk factor measurements
Total plasma cholesterol, high density lipoprotein cholesterol, and triglyceride were measured using standard laboratory methods, and low density lipoprotein cholesterol was calculated. 16 Systolic and diastolic blood pressures (®rst and fourth Korotkoff sounds) were recorded with subjects lying and rested ®ve minutes. Information on alcohol consumption (units/ week) and smoking (cigarettes per day) were assessed by questionnaire.
Statistical methods
Subjects were categorized into three groups according to the previously de®ned cut-offs of waist circumference for women: below Action Level 1 (`80 cm), between Action Level 1 and Action Level 2 ( ! 80± 88 cm), and above Action Level 2 ( ! 88 cm). 10 Improvements in risk factors were de®ned as ! 10%. Cross tabulation was used to determine the proportions of subjects who improved risk factors through waist reduction, and to test (Chi square) the differences in improvements according to waist circumference.
Results
Seventeen percent (n 19) of recruits dropped out before three months and 25.5% (n 28) by six months. The dropouts were 13 y younger (P`0.001) than those who continued. There were no signi®cant differences in body mass index (P 0.24 at three months and P 0.38 at six months) or in waist circumference (P 0.18 at three months and P 0.25 at six months) between the two diet groups (high carbohydrate or low carbohydrate). The numbers and ages of dropouts were not signi®cantly different between the two diet groups throughout the study. Baseline measurements and changes in anthropometry and cardiovascular risk factors were not signi®cantly different between the two diet groups at three months (Table 1) or at six months (Table 2) , so all 110 women were analysed together to examine the relationships between changes in anthropometry and changes in cardiovascular risk factors. Characteristics of all 110 women are shown in Table 3 .
Anthropometric measurements followed similar patterns with 60±70% of total decreases within the ®rst three months, with associated improvements in blood lipid. At six months, total cholesterol and triglyceride remained signi®cantly below the baseline values, but high density lipoprotein cholesterol returned to the baseline value. Low density lipoprotein cholesterol and blood pressures did not change signi®cantly (Table 4) .
At three months of weight management, the proportion of women with waist circumferences in the Health bene®ts from waist reduction TS Han et al Action Zone (! 88 cm) was reduced from 59.6±38.2% of the sample, and those with waist below Action Level 1 (`80 cm) increased frm 9.2±29.2%. By six months, women with baseline waist ! 88 cm decreased to 33.3%, whilst those with waist 80 cm increased to 35.8%. The proportion of women with waist ! 80±88 cm remained between 29±31% throughout the study (Figure 1 ). Amongst those whose baseline waist was in the Action Zone, 26.0% at three months and 29.8% at six months moved into the Alert Zone, and 6% at three months and 13% at six months fell to below Action Level 1. Amongst those whose baseline waist was in the Alert Zone, 56.7% at three months and 56.0% at six months dropped to below Action Level 1 of waist circumference. The relationship between changes in weight and waist (Table 5) or changes in cardiovascular risk factors (Table 6 ) was not signi®cantly in¯uenced by baseline waist circumference.
At three months, decreases in total cholesterol, low density lipoprotein cholesterol and triglyceride correlated signi®cantly with decreases in body weight and body mass index. At six months, decreases in total cholesterol, low density lipoprotein cholesterol, and diastolic blood pressure correlated with body weight, body mass index and waist circumference (Table 7) . Changes in waist to hip ratio did not correlate with changes in any of the cardiovascular risk factors throughout the study.
Changes in waist circumference related closely to changes in body weight (Figure 2) . Regression analysis showed reduction in waist circumference correlated more strongly with percentage change in body weight (r 0.70 at three months and r 0.75 at six months) than with changes in the absolute amount of body weight (r 0.63 at three months and r 0.68 at six months). Reduction of 5±10 cm of waist circumference predicted 6.3±10.6% of weight loss (Equation 1). Weight loss of 5±10% predicted 4.7±8.0 cm of waist reduction (Equation 2).
Amongst women who improved risk factors by ! 10%, plasma triglyceride reduction accounted for 54% at three months and 56% at six months. Other risk factors improved by ! 10% for 17±27% of women at three months and 27±30% at six months, and about three quarters of all subjects improved at least one of the ®ve risk factors considered by ! 10% (Table 8 ). In general, amongst women with waist reductions of 5±10 cm, 70% improved at least one risk factor by ! 10% at three months and 83% at six months ( Table 9 ). The improvements with waist reduction were similar for women with different analysis of variance to determine whether losses in anthropometry were different in women whose baseline waist circumference were in different groups according to Action Levels. Health bene®ts from waist reduction TS Han et al Subject groups classi®ed according to baseline waist circumference Action Levels) (Action Level 1 80 cm, Action Level 2 88 cm) 10 b analysis of variance to determine whether losses in cardiovascular risk factors were different in women whose baseline waist circumferences were in different groups according to Action Levels. Signi®cance levels: **P`0.01; *P`0.05; a body fat (% of body weight) calculated from waist circumference equation 13 gave identical correlation coef®cients.
categories of waist circumference at baseline (data not shown).
Discussion
There are currently no universally accepted standards or criteria de®ning successful weight management. From Table 7 it can be seen that weight, body mass index and waist circumference related to major cardiovascular risk reduction during slimming. The results are similar to those studies of weight loss. In our free living subjects, energy balance was restored at about three months in most subjects. The changes in certain measurements re¯ect the independent effects of acute energy reduction and of weight loss, for example the biphasic changes in plasma high density The number of subjects whose waist was reduced by`5, ! 5, ! 7.5, ! 10, or 5±10 cm; b the percentage of subjects amongst those who improved risk factors by ! 10% through different amounts of waist reduction; improvement of at least one risk factor in those who lost 5±10 cm did not differ from that in those who lost ! 10 cm at 3 months (w 2 0.22, P 0.64) and at six months (w 2 0.01, P 0.92).
lipoprotein cholesterol. 5 Recognizing the ease of measurement and motivational value, we have focused on waist reduction using cut-offs de®ned in an earlier study of body mass index and waist to hip ratio. 10 The`Gutbuster' programme in Australia using waist circumference to encourage weight management in men, with a target of 1% of waist reduction a week, showed 75% of men maintained more than 5% of waist reduction at two years. 9 Risk factor improvements of 10% probably have major long term bene®ts. 17, 18 Amongst women who achieved waist reduction from 5±10 cm in the present study, over 80% had improved at least one risk factor by ! 10%, and since weight loss was almost complete by three months, this improvement is likely to re¯ect loss of weight, not acute negative energy balance. Risk factor improvements were no greater in those who lost ! 7.5 or ! 10 cm of waist (Table 9) , and did not differ with baseline waist (Table 6) . Few comparable data exist, Andersen et al 19 found that a 5.6% reduction of body weight in overweight women improved total cholesterol by 21% and triglyceride by 19%, and these improvements in cardiovascular risk factors were as great as in those who had achieved 11% weight loss. The same study showed similar pattern of weight loss and waist reduction in 66 overweight women, treated with a diet of 925 kcal/ day for three months followed by 1500 kcal/day for 15 months. A 16.4% weight loss at six months was accompanied by 13 cm of waist reduction, falls in total cholesterol and triglyceride, and high density lipoprotein cholesterol returned to baseline value after a temporary decrease during the phase of negative energy balance (at two months). 19 Colman et al 20 found 9 kg weight loss reduced waist circumference by 7 cm in men, with waist circumference being the strongest predictor of improved glucose tolerance. Using Action Levels derived from large population study, 10, 12 it is proposed that those with waist circumference below Action Level 1, who have relatively little of the intra-abdominal fat, 21 do not need to lose weight but should be aware of potential health risks when their waist approaches this level. In the Alert Zone (! 94±102 cm in men, ! 80±88 cm in women), subjects should avoid weight gain, and some selfmanaged weight loss by lifestyle modi®cation such as increasing physical activity level. 22±25 Patients in this Alert Zone of waist range with problems like noninsulin dependent diabetes mellitus, hypertension, or angina would bene®t from more active weight loss. 26, 27 Above this range, termed the Action Zone (! 102 cm in men, and ! 88 cm in women), professional help should be sought to achieve sustained weight loss and for risk factor screening.
The present study extends the value of waist measurement into management. In conclusion, reduction in waist circumference, weight or body mass index produces bene®cial effects on certain cardiovascular risk factors, whereas waist to hip ratio reduction is less powerful predictor of risk factr improvements. Modest weight loss associated with 5±10 cm of waist reduction appears a reasonable initial target for weight management in overweight Caucasian women irrespective of body mass index or baseline waist circumference, and will produce bene®cial effects on cardiovascular risk factors.
